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PREFACE

The NASA Workshop on Impact Damage to Composites was sponsored by the

Mechanics of Materials Brsnch of NASA Langley Research Center. The workshop

was held on March 19 and 20, 1991 at Langley Research Center, Hampton,

Virginia. The objective was to review technology for evaluating damage

tolerance of composite structures with impact damage and identify

deficiencies. The number of registered participants was 40, representing

industry, government, and universities; a list is included. The participants

were specialists in the field of impact damage and composites. The workshop

was divided into the following five sessions:

I Impact Mechanics and Scaling

II Damage and Strength Predictions
III Standard Tests

IV - Design Criteria and Certification

V - Identification of Technology Deficiencies

The review, which was conducted in Sessions I-IV, consisted of invited talks

that covered research and development, design, and criteria. Technology

deficiencies were identified and discussed in Session V. Mr. C. C. Poe, Jr.

moderated the sessions. This conference publication is a compilation of the

slides used by the speakers in Sessions I-IV and a List of Actions to Address

Technology Deficiencies that were recommended by the participants in Session
V.
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LIST OF ACTIONS TO ADDRESS TECHNOLOGY DEFICIENCIES

General

• Standardize philosophy of distinguishing between damage resistance and

damage tolerance.

• Standardize coupon type impact test.

• Develop methodology to relate results from standard impact tests of

coupons to structures.

• Develop analyses to reduce the amount of testing currently used in the

building block approach to verify a design.

• Develop progressive damage analyses.

• Address unique requirements of fuselage type structure.

Damage Resistance

• Develop a measure of extent and degree of impact damage, particularly

one that relates to a threshold for detection.

• Develop understanding of straln-rate effects.

• Develop failure criteria to predict damage.

• Determine preload effects.

• Develop method to predict delamlnatlon growth in fatigue.
• Determine residual stress effects.

• Develop relationship between ply cracking, interlamlnar toughness, and

damage resistance.

• Develop local contact stiffness relationship that accounts for damage
and other nonlinearities.

Damage Tolerance

• Develop failure criteria.

• Determine effects of blaxlal loading and shear loading.

Criteria

• Survey airlines to determine frequency of impacts that can damage

composite structures.

• Determine effects of applying limit load cycles to fatigue test

article.

• Perform probability analysis to relate factor of safety to level of

impact energy.

• Determine if criteria should result in strengths that are very

sensitive to changes in level of energy or damage.

• Determine effects of oblique impacts.

• Determine how to account for impacter shape.

V
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OBJECTIVE

A MODEL TO PREDICT:

• Damage Initiation Load

• Delamination

Locations

Sizes

Shapes

NEED:

• Stress Analysis

• Damage Model

understanding of phenomena

data

81



DAMAGE INITIATION

OBSERVATION: Delaminations Accompanied

by Matrix Cracking

POSTULATE: Matrix Cracking is a Precursor
to Delamination

Initiation Load when Matrix Cracking Occurs

a) Gosse, et al

_(o.+o.z)+ (o.-o.z +_,z

b) 3-D Tsai-Wu

c) 3-D Hashin

82



DELAMINATION

POSTULATES

• Matrix Cracking Must Be Present

• Crack Must Open

• Sufficient Strain Energy Available to Cause
Delamination

S__FdA

! : e _

functnon of stresses
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ANALYSIS - SOLUTION

• STRESS ANALYSIS

Modified Wu-Springer Finite Element Method

Each Edge: Free, Simply Supported, or

Clamped

Static or Dynamic Load

Load Applied Over Finite Area

Use Plate Symmetry for Computational

Speed

• DELAMINATION

Step by Step

USER FR_NDLY COMPUTER CODES

' f.

92 _ _ _ '_



delaminated area
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DISPLACEMENTS at TIME = 25 It sec
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COMPUTER CODES

• STRESS ANALYSIS (IMPACT)

• DELAMINATION ANALYSIS (DELAM-TRL)

COMBINED STRESS AND DELAMINATION

ANALYSIS (IMPACT-ST)

USER FRIENDLY
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TESTS

OBJECTIVE:

• To Obtain Comprehensive, Systematic Data Set

- To Gain Understanding of the Phenomena

Verify Present Model _

- Verify Future Models

STATIC
i !

DYNAMIC
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TESTS

Materials (all ICIfFiberite) :

T300/976 (Thermoset)

IM7/977-2 (Toughened)

APC-2 (Thermoplastic)

IMPACT

V ffi 50-225 in/sec

m = 0.355 - 0.963 Ibm
E = 0 - 65 lbf-in

R ffi0.125, 0.25 in. R = 0.25, 0.5, 1.0 in.

L =4in. L ffi3, 4, 5 in.

_ l_ _

102



DAMAGE INSPECTION

C-Scan

X-Ray

Microscope (sections)

MEASUREMENTS

• Damage Initiation Load

• Occurrence of Matrix Cracking

• Delamination

Shapes
Sizes

Locations

103



Illustration of a typical C-scan result
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INVESTIGATEDEFFECTS,
,,,_,,:*....__.:L....."_.,_'_"'_'ii_i,:ii_':','_i.I:;i' i'_

'I I l '

' , lj, • ' r 'II :

• _clmess of Bottom Ply Group
.i i ¸ . _ p

• _ Mxsmatch Angle

O PlateThickness

• Nose Radius

Plate' Length
L_

• _ ri _,,,:I_. ' '_
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STATIC

3

[02/906] s 1

T3 / 976
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2 [03/9°51. ' [05/9osls

0 '

3 - -

[04/904]s o o i [0e/902]s2 " o a*
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15

Input Energy, E (lbf-in)
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IMPACT

3 [°s/m_s"As)- '

1 ,... ,' _,

T3 6
0 m= 0.365 Ibm

3

[03/905] s [05/903] . _

" • , 2

1

o ,.3 _

[o4 [0 /9_
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0 -'- --' I I ' -- I I |

0 _ 50 I00 150 200 0 50 100 150 200

Impact Velocity, V (in/see)
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STATIC •

T300 / 976

[0 4/i )0 4] s

E= 4.2 lbf-in

_._ _ /.:
:l
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e
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IMPACT
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SUMMARY

• Tests

Insight

Large Data Set

• Damage Initiation Model

• Delamination Model

• User•Friendly Codes

Engineering Design Tool

• Verification
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FULL SCALE RUDDER TEST PROGRAM

L STATIC / FATIGUE TEST

TESTED TO DESIGN ULTIMATE
LOADS NO VISIBLE DAMAGE

SUBJECTED TO 2 LIFETIMES
OF FATIGUE CYCLES

25 FT-LB

100 FT-LB

50 FT-LB

35 FT-LB

POST

Iii. STATIC TEST 70 FAILURE

• RUDDER SURFACE IMPACTED 4
LOCATIONS

FAILURE OCCURRED @ 125%
OF DESIGN ULTIMATE BENDING
MOMENT.

II. ACOUSTIC TEST

SUBJECTED TO AN ACOUSTIC /
THERMAL EQUIVALENT OF 2
LIFETIMES

m

m

NO VISIBLE DAMAGE

SOME DELIMITATIONS ALONG
RISERS DISCOVERED AFTER
ONE LIFETIME (POSSIBLY
THERE SINGLE INITIAL MAN-
UFACTURING). NO GROWTH
OF DELAMS, HOWEVER, FROM
1 LIFETIME TO 2.
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STRAIN GAGE AND IHPACT LOCATIONS ON PANELS
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TABLE 3

RESIDUAL COMPRESSION STRENGTH OF POSTIMPACT STIFFENED PANELS

] LENGTH, I THICKNESS IMI_,_CT FAILUF E FAILURE

' PANEL WIDTH SKIN. FLANGE IMPACT ENERGY STRESS STRAIh NO. OF

ID MATERIAL cm (IN.) (NO. OF PLIES) LOCATION J (FT.LB) MPa IK_;I) (PERCEN_ STIFFENERS
1 I T700/3820 40(15.75) MID- 4.J (3.21) _ 0385 3, HAT_18.9

39 (15,4) STRINGER

J 2 T70013620 40 (15.75) 16, 8 STRINGER 4 13.05) -- 0.385

i 39 (154) EDGE

3 T700/3620 40 (1575) 18, 9 MIDBAY 4.2 (3.15) -- 0.494
! 39 (154)

I 4 T700/3620 40 I15.75 18, 9 STRINGER 12.26 -- 0.298

! 39 (15.4 EDGE (9.05)

i 5 CARBON/ 51 (20) 41, 41 MIDBAY 12.2 (9,0) -- 0.52
: EPOXY 34.3 (13.5)

TAPE

E CARBON/ 48.1 (18.9 41, 41 MIDBAY 142 -- 037

EPOXY 36.61144 (10.51

047

0.37

7 CARBON/ 48.8(18.9 48, 48 MID- t3.4 --

EPOXY 57.2 (22.5) STRINGER (9.87

8 AS4/3501-6 61 (24) 48, 24 MIDBAY 135.5 --

45.7 (18) MID- (100)
STRINGER EACH

STRINGER

EDGE

9 AS413501-6 61 (24) 48, 24 MIDBAY 135.5 --

45 7 (18 (100)

13 AS4/3501-6 61 (24j 48, 24

45.7 (18)

I

11 AS413501.6 61
(24) 48, 24

45.7 (18)

j 12 AS4/3501-6 61 (24) 48, 24

457 (18

I

13 AS615245-6 61 (24) 48, 24

457 (18)

14 IM6/18081 51 (20) 39, 14

; 48 (19)
15 IM6/18081 51 (20) 54. 14

48 (19)
16 IM6/18081 51 (20) 66, 14

48 (19}

i 17 IM6/18081 51 (20) 40, 14
48 (19)

18 IM6/18081 51 (20) 54, 36

48 (19)
19 IM6118081 51 (20) 54, 36

48 (19)

20 IM6/18081 5t (20) 54, 18

48 (19)

21 IM6118081 51 (20) 54, 18
48 (19)

22 IM6/1_}81 51 (20) 54, 16

48 (19)
23 IM6118081 51 (2O) 54, 18

48 (19)
! 24 IM6/18081 51 (20) 54, 18

48 (19)

25 IM718551.7 51 (20) 63, 18

48 (19)
26 IM718551-7 51 (20) 63, 18

48 (19)
27 IM6/18081 142 (56) 54, 18

8,1 (33)

28 ! IM6/18081 142 (56) 54, 18

84 (33)

MIDBAY 112.5 --

MID- (83)

STRINGER, i EACH
STRINGER

EDGE

CENTERS _1.3 --

OF TWO q60)
BAYS EACH

CENTERS f,4.2 "

OF TWO _40)
BAYS

0.38

0.38

0,32

035

MIDBAY. 135.5 -- 0.39

MID. ( i00l
STRINGER. E;,CH

STRINGER

EDGE

MIDBAY 135.5 292 (42.3) --
_;00)

MIDBAY 1'J5.5 361 (52.3) --
(100)

MIDBAY 1J5.5 477(69.1) --

i100)

MIDBAY 135.5 271 (39.3) --
It00)

MIDBAY 1355 ,225 (32.6) 0.433'

(100)

MID- 135.5 267 (39) 0.400

STRINGER I100)

MID. t35.5 321 (46.5) 0.50
STRINGER i100)

MIDBAY 1355 267 (39) --
I_00)

MID- 135.5 323 (47) 0444

STRINGER I100)
MIDBAY 271 184 (26.7) 0.333

(100)

SIDE OF 144 425 (617) 0,689

BLADE (106)
MIDBAY 135.5 302 (43.8) --

(100)

MIDBAY 135.5 326 (47.3) --

(100)
MIDBAY 135.5 -- 0.410

(I00)
MIDBAY 135.5 -- 0.424

(100)

3. HAT.

3. HAT

3. HAT

3. 8LADE

ADHESIVELY

BONDED

3, BLADE
ADHESIVELY

BONDED

3, HAT

3,CHANNEL
_ECHANICALLY

FASTENED

_CHANNEL
'MECHANICALLY

FASTENED
&CHANNEL

MECHANICALLY

FASTENED

3.CHANNEL
VIECHANICALLY

FASTENED

1CHANNEL

VIECHANICALLY
FASTENED

1CHANNEL

MECHANICALLY

FASTENED

3. BLADE

3, BLADE

A-BONDED

3, BLADE
A-BONDED

3, BLADE

A-BONDED

3, BLADE

A-BONDED

3, BLADE

A-BONDED
3, BLADE

A-BONDED

3, BLADE

A-BONDED

3, BLADE

A.BONDED

3, BLADE
A-BONDED

3, BLADE
A.BONDED

3, BLADE

A-BONDED

3, BLADE

A-BONDED

3, BLADE
A.BONDED

3, BLADE
A.BONDED
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Mechanism1: Tension,nodelaminationorshear

Mechanism 2: Tension and shear, tension dominated

Mechanism 3: Tension and shear, sheardominated

Mechanism 4: Shear, small amounts of tension

Figure 1. Fracture Mechanisms
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